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[57] ~ ABSTRACT

An automotive mileage calculating apparatus of this
invention consists of a vehicle speed sensor, an accelera-
tion sensor, a slip detecting circuit, and a mileage calcu-
lating circuit. The slip detecting circuit detects a wheel
slip either by comparing the accelerations calculated
from the vehicle speed sensor’s speed signal and from
the acceleration sensor’s acceleration signal; by com-
paring the vehicle speeds calculated from the vehicle
speed sensor’s speed signal and from the acceleration
sensor’s acceleration signal; or by comparing the mile-
ages calculated from the vehicle speed sensor’s speed
signal and from the acceleration sensor’s acceleration
signal. During normal running, the mileage is calculated
by using the speed sensor’s speed signal. When a wheel
slip 1s detected, the mileage calculation is performed by
using the acceleration sensor’s acceleration signal, thus
giving a correct mileage.

6 Claims, 5 Drawing Sheets
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AUTOMOTIVE MILEAGE CALCULATING
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to an automotive mile-
age calculating, and more specifically, one that calcu-
lates the distance traveled by the car in real time.
2. Description of the Prior Art
In conventional automotive mileage calculating ap-
paratuses, a vehicle speed sensor that generates a speed
signal representing the vehicle speed is mounted to the
driving wheel or to the driven gear of the transmission
and the speed signal outputted from the vehicle speed
sensor are integrated with time to calculate the distance
traveled by the car. |
3. Problems to be Solved by the Invention
‘With the conventional method of calculating the
mileage by using the vehicle speed sensor, although
there i1s no problem when the car is running normally, a
problem arises when it i1s running on snow-covered,
frozen or muddy roads. In such roads, the wheel may
easily ship, producing incorrect car speed signals, so that
a correct mileage cannot be obtained.
The present invention has been accomplished under
. these circumstances and is intended to provide an auto-
motive mileage calculating apparatus that can calculate
a correct mileage even when the vehicle wheels are
slipping on bad conditioned roads.

SUMMARY OF THE INVENTION

‘To achieve the above objective, the present invention
provides an automotive mileage calculating apparatus
which comprises: a vehicle speed sensor for generating
a vehicle speed signal according to the running speed of
the vehicle; an acceleration sensor for detecting the
acceleration of the vehicle in the direction of travel; a
slip detecting circuit for detecting a wheel slip accord-
ing to the speed signal from the vehicle speed sensor
and the acceleration signal from the acceleration sensor;
and a mileage calculating circuit for calculating the
mileage, the mileage calculating circuit being adapted
to compute the mileage by using the speed signal from
the vehicle speed sensor when there is no wheel slip
and, when there is a wheel slip, by using the accelera-
tion signal from the acceleration sensor.

To detect a wheel slip by the slip detecting circuit,
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the following three methods are available: a method of sg

comparing accelerations as determined from the vehicle
speed sensor and from the acceleration sensor; a method
of comparing car speeds as obtained from the speed
sensor and from the acceleration sensor; and a method
of comparing distances traveled as calculated from the
speed sensor and from the acceleration sensor.

When the car is running normally, the distance trav-
eled or mileage is calculated by using the speed signal
generated by the vehicle speed sensor, as in the conven-
tional apparatus. When the wheels slip, the slip detect-
ing circuit detects the slip and switches the input to the
mileage calculation circuit to become the acceleration
signal outputted from the acceleration sensor. There-
fore, the automotive mileage calculating apparatus can
determine a correct mileage during a wheel slip, as well
as during the normal running operation.

These and other objects and features of this invention
will be described in detail by referring to the accompa-
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nying drawings illustrating one embodiment of the in-
vention and the description thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of one embodiment of this
invention;

FIG. 2 1s a configuration of the slip detecting circuit
that employs an acceleration comparison method;

F1G. 3 1s a configuration of the slip detecting circuit
that employs a speed comparison method:

FIG. 4 1s a configuration of the slip detecting circuit
that employs a traveled distance comparison method:

FIG. § is an example of an on-board navigation sys-
tem which utilizes the automotive mileage calculating
apparatus of this invention; and

FIG. 6 is a diagram showing how a travel route is
determined by the on-board navigation system.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Now this invention will be described by referring to
the accompanying drawings that illustrate one embodi-
ment of the invention.

FIG. 1 shows an automotive mileage calculating
apparatus as one embodiment of this invention. In the
figure, reference numeral 1 represents a vehicle speed
sensor that generates a vehicle speed pulse V4 of a
frequency corresponding to the speed of the car. An
acceleration sensor 2 measures the acceleration of the
vehicle in the direction of travel, ag. Slip detecting
circuit 3 detects a wheel slip according to the speed
pulse V4 outputted from the speed sensor 1 and the
acceleration signal ap outputted from the acceleration
sensor 2. A circult 4 15 a mileage calculating circuit,
which calculates the distance traveled by using the
speed pulse V4 from the speed sensor 1 when no slip
occurs and, when the wheels are slipping, calculates the
mileage by using the acceleration signal ag from the
acceleration sensor. The speed sensor 1 is coupled to the
drive wheel of the car or to the driven gear of the trans-
mission. The acceleration sensor 2 is installed in a prede-
termined location in the car, such as in the engine area.

The speed pulse V 4 outputted from the speed sensor
1 and the acceleration signal ap outputted from the
acceleration sensor 2 are each supplied to the slip de-

tecting circuit 3 and to the mileage calculating circuit 4.

The slip detecting circuit 3, according to the speed
pulse V4 and the acceleration signal ag, monitors the
system for a wheel slip according to a method to be
described later.

When no wheel slip is occurring, the slip detecting
circuit 3 outputs a no-slip signal to the mileage calculat-
Ing circuit 4. While the no-slip signal is being received,
the mileage calculating circuit 4 processes the speed
pulse V4 outputted from the speed sensor 1, as in the
conventional apparatus, to calculate the distance trav-
eled S according to the expression (1) shown below.

S=Nx?& (1)
where N is the total number of pulses output from speed
sensor 1 and 6 is the distance represented by a single
pulse.

When the wheels slip, it is detected by the slip detect-
Ing circuit 3, which then outputs a slip detection signal

to the mileage calculating circuit 4. Upon reception of
the slip detection signal, the mileage calculating circuit

4 operates according to the following equation (2) to
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determine the mileage S. The equation (2) involves the
acceleration signal apg from the acceleration sensor 2,

instead of the car speed pulse V 4 from the speed sensor
1. |

S= [(fagdi+v)dr (2)
where v is the vehicle speed when the integration is
initiated.

Thus, when the slip occurs, the calculation of the
mileage is carried out using the acceleration signal ap
output from the acceleration sensor 2 located in the
engine area and therefore s not affected by the wheel
slip, so that a correct mileage can be determined.

Next, a process of detecting the wheel slip as per-
formed by the slip detecting circuit 3 will be explained.

FIG. 2 shows an example method of detecting a
wheel slip by processing the acceleration a4 calculated
from the speed pulse V 4 generated by the speed sensor
1 and the acceleration ap output from the acceleration
sensor 2.

The car speed pulse V 4 generated by the speed sensor
1 is converted by an F/V (frequency-to-voltage) con-
verter 31 into a voltage signal whose amplitude is pro-
portional to the car speed. The converted speed signal
V 4, 1s then fed to an acceleration calculating circuit 32,
which processes the voltage signal V 4' to determine an
“acceleration a4 from an equation (3).
as=dV 4 /dt (3)
The acceleration thus obtained a4 and the acceleration
a.g detected by the acceleration sensor 2 are sent to an
acceleration comparison circuit 33, where they are
compared according to an expression (4).

la4—ap| > K 4)
where K 1s a threshold value for slip detection.

When there 1s no slip, the output of the speed sensor
1 changes strictly in accordance with actual vehicle
speed variations and thus the values of a4 and agin the
formula (4) become almost equal to each other, i.e.,
lag—ap| =K. When on the other hand the wheels
slip, the output of the speed sensor 1 changes more
greatly than the actual vehicle speed change. Hence, a
large difference occurs between a4 and apin the equa-
tion (4), i.e., |ag—ap| > K. In this way, the wheel slip
can be detected by checking whether or not the equa-
tion (4) holds.

FIG. 3 shows a process of detecting a wheel slip by
comparing the speed pulse V4 from the vehicle speed
sensor 1 with a vehicle speed Vg calculated from the
acceleration ap outputted from the acceleration sensor
2.

The acceleration signal ag from the acceleration sen-
sor 2 is converted by a vehicle speed calculating circuit
34 into a vehicle speed Vg, according to an equation (5).

Va= fagdt+v (5)
where v i1s the vehicle speed when the integration is
started.

The speed Vg and the vehicle speed pulse V4 from
the vehicle speed sensor 1 are fed to a vehicle speeds
comparison circuit 35 after speed pulse V 4is converted

to a voltage V'4, where they are compared according to
an equation (6).
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| V4'— VBl > K3 (6)
K> is a threshold value for slip detection.

When there is no slip, the output of the vehicle speed
sensor 1 changes so as to strictly follow the actual vehi-
cle speed variations. Thus, the values of V4 and Vgin
the equation (4) are almost equal, i.e., | V4 — Vp| =Ko.
When on the other hand there is a wheel slip, the output
of the vehicle speed sensor 1 changes more greatly than
the actual vehicle speed variations, so that a large differ-
ence occurs between V 4 and V gpin the equation (6), 1.e.,
| V4'— V| >K>. In this way, checking whether or not
the equation (6) holds can detect any wheel slip.

FIG. 4 shows the process of detecting the wheel slip
by comparing the mileage S 4 calculated from the speed
pulse V 4 output from the vehicle speed sensor 1 and the
mileage Sp calculated from the acceleration ap output
from the acceleration sensor 2.

The speed pulse V 4 from the vehicle speed sensor 1
and the acceleration signal a4 from the acceleration
sensor 2 are sent to mileage calculating circuits 36, 37,
respectively, where they are converted into mileage S 4
and Sp according to equations (7) and (8).

S4=NXb (7)
where N 1s the total number of pulses and & is the dis-
tance represented by a single pulse.

Sp= [([apdi+v)dt (8)
where v i1s a vehicle speed when the integration is
started.

The mtleages S 4and Spgthus calculated are fed to the
mileage comparison circuit 38, where they are com-
pared according to an equation (9).

|S4—Sp| > K3 (9)
where K3 1s a threshold value for slip detection.

When there i1s no wheel slip, the output of the vehicle
speed sensor 1 changes so as to strictly following the
vehicle speed variations, so that S4 and Spin the equa-
tion (9) are almost equal and thus |S4—Sg| =K3. When
a slip occurs, however the change in the output of vehi-
cle speed sensor 1 becomes larger than the actual vehi-
cle speed variation and there is a large difference be-
tween S4 and Sp in the equation (9). Hence,
1S4—SB| >K3. It is therefore possible to detect the
wheel slip by checking whether or not the equation (9)
holds. It is noted that the equations (7) and (8) are iden-
tical with the previous equations (1) and (2). Therefore,
the same circuit can commonly be used by the mileage
calculation circuits 36 and 37 and by the mileage calcu-
lation circuit 4 of FIG. 1.

FIG. 5 shows one example of an on-board navigation
system for automobiles that utilizes the above-men-
tioned automotive mileage calculating apparatus of the
invention. The navigation system uses a combination of
the mileage information obtained from the automotive
mileage calculating apparatus of the invention and the
direction information € generated by a direction sensor,
to provide a real time display of the vehicle traveling
route on a road map. ,

In the figure, reference number 51 represents the
automotive mileage calculating apparatus of this inven-

tion shown in FIG. 1; 52 a direction sensor such as a
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geomagnetic compass; 53 a travel route calculating
circuit; 54 a travel route display such as a CRT; and 55

a map information database. The mileage information

S1, Sy, S3, . .. calculated as mentioned above is entered
from the automotive mileage calculating apparatus 51
of this invention into the travel route calculating circuit
53 one after another at intervals of, say, one second. The
travel route calculating circuit 53 also receives, one
after another, directional information 6 from the direc-
tion sensor 52 representing the direction in which the
car 1s heading. Using this information—the mileage
information Sy, Si, S3, . .. and the directional informa-
tion 6—the travel route calculating circuit 53 computes
at very short intervals the route traveled by the car and
displays 1t in real time on the travel route display 54.

Now, by referring to FIG. 6, the method of determin-
ing the travel route as performed by the travel route
calculating circuit 83 will be described.

In FIG. 6, 1t 1s assumed that the starting point of the
vehicle 1s at (xg, yp). When the first mileage information
S11s recetved from the automotive mileage calculating
apparatus 51, the travel route calculating circuit 53
samples the direction information @ from the direction
sensor 52 to obtain the directional information € associ-
ated with the mileage information S;. As a result, it is
seen from FIG. 6 that the current position (xi, yi) after
the car has traveled the distance Si can be expressed as

Xx1=x9+3] cos 8y
y1=)0+3] sin 8}

‘Then, as the next mileage information S is entered, the
position of the car (x3, y2) can now be given as follows,
with the directional information for the mileage infor-
mation S» taken as 8.

x3=x14+S2 cos &

y2=y1+352 sin @2
When still another mileage information S3 is supplied,
the position of the vehicle at this time (x3, y3) is ex-
pressed as follows, with the associated directional infor-
mation taken as 8;.

x3=Xx2+S53 cos 83

yi=y+83sin 63

Similarly, based on the mileage S;and the direction 6;
coming successively, the corresponding car position (x;,
y;) can be determined. By plotting the position informa-
tion thus obtained (x1, v1), (x2, ¥2), (X3, v3), . . . , the
route the car has traveled can be displayed continu-
ously.

The position information (x;, y;) is sent to the travel

route display 54. On the display 54 is shown a road map

of the area in which the car is traveling, such a map
being retrieved from the map information database 55.
Before starting the car, a driver is required to locate the
starting point (Xxg, yo) on the road map. As the car trav-
els, the route of the car is traced on the road map in real
time.

As mentioned above, when there is a wheel slip, the
automotive mileage calculating apparatus according to
this invention computes the distance traveled by the
vehicle by using the acceleration signal from the accel-
eration sensor. It therefore can calculate a correct mile-
age even when the car is making a jerk start or quick
stop on a slippery road such a snow-covered, wet or
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6

muddy road. The apparatus of this invention can be
effectively applied, for example, to the on-board navi-
gation system of an automobile. |

What 1s claimed is:

1. An automotive mileage calculating apparatus for
calculating the amount of miles travelled by an automo-
bile during a plurality of time intervals comprising:

a vehicle speed sensor for generating a vehicle speed
signal according to the running speed of the vehi-
cle;

an acceleration sensor for detecting the acceleration
of the vehicle in the direction of travel;

a slip detecting circuit for detecting a wheel slip ac-
cording to the speed signal from the vehicle speed
sensor and the acceleration signal from the acceler-
ation sensor; and -

a mileage calculating circuit for calculating the mile-
age, the mileage calculating circuit computing the
mileage by using the speed signal from the vehicle
speed sensor during time intervals when no wheel
slip has been detected by said slip detecting circuit
and, by using the acceleration signal from the ac-
celeration sensor during time intervals when a
wheel slip has been detected by said siip detecting
means. |

2. An automotive mileage calculating apparatus as set
forth in claim 1, wherein the speed signal from the
vehicle speed sensor is a digital pulse voltage signal in
which speed information is based on the frequency of
said digital pulse voltage signal and the acceleration
signal from the acceleration sensor is an analog signal.

3. An automotive mileage calculating apparatus as set
forth in claim 1, wherein the slip detecting circuit de-
tects a wheel slip by comparing the acceleration calcu-
lated from the vehicle speed sensor’s speed signal and
the acceleration outputted from the acceleration sensor.

4. An automotive mileage calculating apparatus as set
forth in claim 1, wherein the slip detecting circuit de-
tects a wheel slip by comparing the vehicle speed calcu-
lated from the vehicle speed sensor’s speed signal and
the vehicle speed calculated from the acceleration sen-
sor’s acceleration signal.

5. An automotive mileage calculating apparatus as set
forth in claim 1, wherein the slip detecting circuit de-
tects a wheel slip by comparing the mileage calculated
from the vehicle speed sensor’s speed signal and the
mileage calculated from the acceleration sensor’s accel-
eration signal. |

6. An automobile mileage calculating apparatus fo
calculating the amount of miles travelled by an automo-
bile during a plurality of time intervals comprising:

a vehicle speed sensor for generating a vehicle speed
signal according to the running speed of the vehi-
cle; |

an acceleration sensor for detecting the acceleration
of the vehicle in the direction of travel, in such a
way that the acceleration is detected independent
of said vehicle speed sensor;

selection means for selecting the detected accelera-
tion during time intervals when said vehicle speed
sensor cannot accurately sense the running speed
of the vehicle, and for selecting said vehicle speed
signal during time intervals when said vehicle
speed sensor can accurately sense the running
speed of the vehicle; and

mileage calculating means for calculating the mileage

by using an output from said selection means.
E * X * x
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